Identification of the optimal structure required for a Shiga toxin neutralizer with oriented carbohydrates to function in the circulation.
Shiga toxin (Stx) is a major virulence factor of Stx-producing Escherichia coli. Recently, we developed a therapeutic Stx neutralizer with 6 trisaccharides of globotriaosyl ceramide, a receptor for Stx, in its dendrimer structure (referred to as "SUPER TWIG [1]6") to function in the circulation. Here, we determined the optimal structure of SUPER TWIG for it to function in the circulation and identified a SUPER TWIG with 18 trisaccharides, SUPER TWIG (2)18, as another potent Stx neutralizer. SUPER TWIGs (1)6 and (2)18 shared a structural similarity, a dumbbell shape in which 2 clusters of trisaccharides were connected via a linkage with a hydrophobic chain. The dumbbell shape was found to be required for formation of a complex with Stx that enables efficient uptake and degradation of Stx by macrophages and, consequently, for potent Stx-neutralizing activity in the circulation. We also determined the binding site of the SUPER TWIGs on Stx.